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Introduction
The last decade has seen great improvement in the
surgical treatment of diabetic foot syndrome. Today it
is common knowledge that the critically ischemic
diabetic foot can be successfully revascularised.
Several papers have been published detailing excellent
results with the combined procedure of arterial bypass
with free muscle transfer.1 The procedure appears
promising for limb salvage in patients with extensive
gangrene and infection in the limb, however this
complicated operation is not able to salvage the limb in
cases.
The patient presented in this study underwent a
pedal bypass and free muscle transfer operation on
both limbs in a 13-month period. We successfully
saved only one lower limb despite the fact that we
performed the same procedure on both extremities.
Progressive foot gangrene developed despite even
though the bypass and vital flap was functioning
properly.
The cause of the foot gangrene development was
researched. The main reason for the progressive
ischemia development is believed to be the “Steal
Phenomenon” an infrequent complication confirmed
by the literature reviewed.
Case Report
A 70-year old male patient with a history of Diabetes
mellitus type II admitted in January 2000 with gang-
renous I–III toes of his left lower limb. The angiogram
revealed all three crural arteries occlusion and patent
vessels to the level of popliteal artery. The common
plantar artery and its two branches were also patent.
Transmetatarsal amputation and revascularisation by
popliteal to common plantar artery angioscopically
assisted in situ bypass were performed. The distal
anastomosis of the bypass was performed in end-to-
side fashion. Due to extensive defect after amputation
the gracilis muscle transfer for foot resurfacing was
subsequently performed 3 weeks later. The anastomo-
sis of the muscle artery was performed in end-to-side
fashion to the venous graft. The patient was dis-
charged and was fully ambulating with crutches. The
pedal bypass was functioning and the free flap was
healed and vital. Every 3 months the patient was
examined clinically and with a duplex ultrasound.
The same patient was admitted again 13 months
later with gangrenous I–IV toes and abscess along the
extensor tendons of his right (contralateral) lower
limb. Angiogram revealed occlusion of all three crural
arteries and patent popliteal artery. Segment of dorsal
pedal and common plantar artery were also patent
however there was tight and long stenosis of the
lateral plantar artery. After admission debridement
and transmetatarsal amputation was performed.
Revascularisation by popliteal to common plantar
artery reversed venous bypass was performed in one
session with free muscle transfer the third day after
patient’s admission. Venous graft was anastomosed to
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common plantar artery in side-to-side fashion and
artery of the rectus abdominis muscle anastomosed to
the venous graft in end-to-end fashion (Fig. 1).
Percutaneous transluminal angioplasty (PTA) of the
lateral plantar artery was successfully performed 10
days later. Patient was discharged with functioning
bypass and vital flap.
This patient was admitted again 2 months later for
extensive gangrene of his right heel and lateral aspect
of his native foot with purulent and smelly secretion in
the septic status. The bypass was patent and flap was
viable. Angiogram demonstrated good flap feeding by
patent bypass but occlusion of formerly patent lateral
plantar artery (Fig. 2). The transcutaneous oxygen
tension (Tcpo2) was almost similar both at his heel and
at the flap surface (flap 11 mmHg, heel 9 mmHg, chest
44 mmHg).
Due to the septic status we had to immediately
perform an above-knee amputation of his right lower
limb.
Discussion
Diabetic foot salvage has been dramatically improved
due to the progress in vascular surgery and micro-
surgery over the last few decades. Relatively large
numbers of patients are successfully revascularised by
means of pedal arterial bypass in many vascular
surgery facilities. The pedal bypass procedure alone
however cannot lead to successful healing of ulcers in
all cases. Especially when an extensive gangrene is
present foot ulcer resurfacing with healthy and well
vascularised tissue is required by means of revascu-
larisation and free tissue transfer. The aim of this
procedure is to preserve full-length of a limb for
ambulation and to shorten the total healing time. Pedal
bypass alone is performed especially on limbs where
outflow arterial bed is at least partially preserved and
gangrene is not too large. A free muscle transfer could
potentially provide an extra run-off for a bypass
procedure1 because free muscle flap transferred to a
foot is low-resistance tissue.2 Almost in all combined
procedures one can expect that blood will flow more to
the low-resistance tissue than to the native grossly
atherosclerotic arterial bed of the foot. However rarely
a steal syndrome can develop. Sonntag et al. presented
case report of three patients where steal syndrome is
described.2 Two of their patients had free muscle flaps
Fig. 1. Angiogram post free flap transfer and pedal bypass
showing patent lateral plantar artery and inferior epigastric
artery feeding muscle flap.
Fig. 2. Angiogram demonstrated good flap feeding, patent
pedal bypass but occluded lateral plantar artery.
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anastomosed directly to the venous graft but the pedal
arterial system was left unrevascularised. They
described either multisegmental stenoses or occlusion
of crural arteries in both patients. Popliteal to flap artery
venous bypass was performed on their first patient. In
the second case they performed femoral to popliteal
artery ePTFE bypass but without an attempt to do a foot
revascularisation. Only in the third case they performed
popliteal to dorsal pedal artery bypass and free flap
anastomosed end-to-side fashion to the venous graft.
They did not mention whether an angiogram was
performed postoperatively or not. In all three cases the
foot gangrene developed despite the vital flaps.
A free flap anastomosed directly to a venous graft but
without revascularisation of a native arterial bed is
called “nourishing”. The aim is to bring the blood to a
foot by capillary ingrowth. In such cases one should not
expect rapid improvement of a foot circulation immedi-
ately post surgery. Our experience shows foot ischemia
is worsened postoperatively when the foot revacular-
isation is not successful. Popliteal artery clamping in
the situation described above in both patients (the first
and the second case) could impair the circulation
temporarily and deteriorate the viability of the foot
when revascularisation is not completed. We believe
that neither of these two patients had steal syndrome
but rather further impairment of foot ischemia.
Only one patient of Sonntag et al.’s case report has
evolved into a similar situation to our case study. They
observed developing gangrene of the distal foot after
successfully performed popliteal-to-dorsal pedal
artery bypass with free muscle transfer resurfacing
their patient’s heel. In our case ischemia of the heel
developed after common and lateral plantar artery
revascularisation and distal foot resurfacing by free
muscle transfer.
Steal syndrome is often described interrelated to a
femorofemoral cross-over grafting and one would
expect this phenomenon to be present at the micro-
vascular level as well.2 The critical conduit in the
crossover grafting is an arterial segment proximal to
the point of origin of the graft.3,4 So significant stenosis
of this inflow artery could cause impairment of the
inflow and subsequently steal syndrome from the
donor extremity could develop. Vogt et al. concluded
that a clinical steal syndrome seems to be relatively
uncommon and sub clinical steal is more frequent.
This can be predicted by intravascular ultrasound
examination of the iliac artery in the case of femor-
ofemoral cross over bypass.3 Neither Sonntag et al. or
our team has confirmed significant stenosis of either
inflow artery or venous graft itself. If there is no
stenosis in the venous graft above a free muscle artery
attachment or in a bypass to muscle artery anastomo-
sis steal syndrome is unlikely to develop if applied to
our situation.
In the paper of Vogt et al. authors also stated that the
status of run-off of the donor extremity after femor-
ofemoral cross-over bypass did not influenced donor
extremity ankle/brachial indices.3 This can be
explained that even severely stenotic arterial system
of the donor extremity could unlikely cause a steal if
there is no inflow artery stenosis. Basically the severe
stenosis of lateral plantar artery of our patient’s foot
might not cause real steal syndrome.
Sonntag et al. also present analogy of his cases to the
situation when a steal syndrome develops in chronic
arterio-venous fistula. The venous system has very
low resistance and arteriolas and capillars of the
muscle have always higher resistance based on the
physiological findings.5 Moreover according to exper-
imental work of Ehrenfeld et al. even arteriovenous
fistula on the side to which the graft extended did not
caused steal syndrome from the contralateral extre-
mity in the femorofemoral cross-over bypass.4 We
believe that neither in cases of Sonntag et al. nor in our
case steal syndrome developed indeed. The situation
described in our case report thrombosis of the
revascularised common plantar artery and lateral
plantar artery which underwent PTA was formed as
documented by angiography. Progressive ischemic
necrosis of the patient’s heel emerged subsequently.
We find that development of the native foot
ischemia is highly unpredictable in such circum-
stances, but due to heavily diseased crural and pedal
arterial system in diabetics patients we could expect
early thrombosis of such high resistance circulation.
We suppose to perform the combined procedure in
selected patients, as there is no other possibility to
salvage the extensively necrotic foot.
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